living osteoblasts survive, is to have the largest osteoblast-bearing surface possible, therefore the width of the graft should be greater than its thickness. Tibial bone should only be employed in cases where a strong graft is essential; graft from the rib is better, as it is both more porous and better supplied with lymph. It is advisable to split the graft into several portions; in this way a large number of osteoblasts will be afforded the chance of survival. Instead of Arbuthnot Lane's metallic plate boiled bone-graft plates have been used at the clinic to which I am attached, and these have proved very satisfactory. There is no likelihood of these becoming loose, and after the lapse of ten months the only evidence of irregularity is a slight fusiform swelling. Even this disappears after a still further interval of time.
Major 'NAUGHTON DUNN, R.A.M.C. (Birmingham). I PROPOSE to deal only with the function of the bone-graft from the clinical side, the selection of cases, the points in operative technique and the after-treatment, which seem from my experience to be the most essential for success.
Previous to the War, Albee's operation of transplantation of bone from the tibia to fix the spinous processes of diseased vertebrse was becoming popular. After seeing the results of over fifty cases I am satisfied that this will in time be recognized as the routine treatment of tubercle of the spine in children and adults. The operation, if undertaken before marked kyphosis is present, will result in a very large percentage of cures without deformity. The essential of the operation is insuring contact of the graft to the raw surfaces of the spinous processes of the two vertebrae above and of the two below the diseased bodies, so that the transplanted bone may, by direct union with these, give us a fixation which is not possible by external splintage.
In military surgery ununited fracture of the long bones is not uncommon, and the chief value of the bone-graft has been, that it has enabled us to restore continuity even when a considerable loss of substance was present. Before resorting to bone-grafting two questions arise: (i) Will re-establishment of continuity improve function? and (ii) is the use of the bone-graft the best means ? In the lower extremity bone-grafting is seldom necessary, except for ununited fractures of the tibia. For ununited fractures of the femur open operation to freshen the ends and reduce the fracture has, with efficient external fixation, given excellent results. Non-union of the fibula has not in my experience given rise.to much disability; cases in which the middle two-thirds of the bone have been deliberately removed seeming as regards function to have perfectly normal limbs. In the bones of the upper extremity non-union is more common, but the cases requiring the use of the bone-graft call for careful selection. The Humiierus.-Moderate shortening in the case of the upper extremity is no serious disability, so that direct apposition of the fragments with a bone-graft, to ensure adequate fixation, will be used where possible. Where either the upper or the lower fragment is too short to allow adequate fixation of a graft, direct implantation of one fragment into the other will usually be preferred. The result will then depend largely on the efficiency of the external fixation applied. Where a flail limb results in entire loss of the upper portion, direct fixation of the shaft to the,scapula will, as a rule, give better functional result than the use of a graft. 9 Forearm.-Non-union of one of the bones of the forearm has been remarkably frequent, and I have had three cases in which a 'flail limb has resulted from non-union of both. In dealing with ununited fractures of the forearm bones, we must remember that where ankylosis of the superior 'or inferior radio-ulnar joints is present, any movement of pronation and supination taking place at the site of the fracture will be lost if union of the fragments is re-established.
Radius.-The hand articulates mainly with the radius, so that loss of continuity of this bone is associated with radial deviation of the hand and considerable weakness of grasp. This is especially so in ununited fractures of the distal portion of the bone. A general rule is that all cases of uinunited fracture of the lower two-thirds of the radius requiire bone-grafting to give stability to the hand. In cases of ununited fracture of the upper third this may not be necessary, and if associated with ankylosis of the superior radio-ulnar joint should not be undertaken, as reunion of the fragments will result in loss of the movements of pronation and supination. Where the lower fragment of the radius is less than 1 in. in length, shortening of the ulna to correct the radial deviation and allow direct union of the radius gives the best results.
Ulna.-In the case of non-union of the ulna, weakness of the hand is less marked, and there is little deformity. Ununited fracture of the lower third of the ulna or of the olecranon may as a rule be ignored.
Where the inferior radio-ulnar joint is ankylosed, loss of pronation and supination will result from reunion of the fragments. Before operation in these cases mobility of the hand should be restored, the radial deviation of the hand corrected and the forearm fixed for a time in the supine position. Unless this is first secured there will be strain on the graft after operation or union will odcur in the position of deformity, which will necessitate further operation for the best result.
THE OPERATION OF BONE-GRAFTING.
Success in bone-grafting depends on (1) asepsis; .(2) adequate contact of raw surfaces; and (3) efficient fixation.
If there has been severe sepsis, all wounds should be healed for six months and scar tissue excised where possible, as a preliminary to the major operation. The preliminary excision of scar tissue serves three useful purposes: (i) It enables us to judge of the probability of grafting bone without recrudescence of sepsis; (ii). it removes tissue of low vitality, which would itself tend to slough after its blood supply is further reduced; (iii) its removal allows healthy vascular tissue to surround the bone-graft.
*
The graft should consist of periosteum, cortex and endosteum, and be of sufficient strength itself to withstand the strain of function when its union to the fragments is complete. Care should be taken that the bed for the graft is cut on surfaces which will be in continuity when the limb is in the desired position. In the case of the forearm this will usually be supination, so that we should arrange for this position to be maintained from the time the incision is made until the fixation splints have been applied. The joints above and below the fracture should be controlled, and no movement which might disturb the position of the graft allowed. Movements of the digitsshould be encouraged.
The source of the graft will usually be the inner surface of the tibia or the fibula-either of these gives' us a graft of adequate length and strength-and, in order to ensure adequate contact of raw surfaces, it should be as long as anatomical conditions in the receiving bone allow. It should be just a little wider than the bed which has been cut for it, so that when prised into place it is gripped firmly by the lips of the fragments and further fixation is not necessary. Failing this, kangaroo tendon suture will ensure adequate fixation. The graft should be firmly held in its bed by bone forceps while these are tied. The wound is closed by deep and superficial sutures, and two tubes, a quarter of an inch in diameter, inserted for drainage. These are removed at the end of forty-eight hours. This is a detail of some importance, as loss of vitality of the graft has seemed to result from the presence of a heematoma between the graft and the surrounding structures on which it is dependent for its blood supply. The limb is then encased in plaster of Paris, fixing the joints above and below the fracture, and a window cut in the plaster so that the tubes may be removed without disturbing the fixation. At the end of a month the plaster is removed and a skiagram taken. It will usually be necessary to insure adequate fixation for another two months. If the case is doing well, the X-ray will show some absorption of lime salts in the graft, and indications of fusion with the shaft will be apparent. Until the graft has lost its individuality where it is in contact with the receiving bone fixation should be maintained.
THE EFFECT OF THE REMOVAL OF THE GRAFT FROM THE TIBIA.
Of seventy-four cases of which I have personal experience, fracture of the tibia from which the graft was removed occurred in two cases, one six weeks and the other two months, after removal of the graft. I do not think the injury would have resulted in fracture in the normal bone. X-rays taken three months after removal of a graft, as a rule do not show any loss of density in the bone.
WHAT IS THE FATE AND FUNCTION OF THE BONE-GRAFT.
My experience has been of the autogenous transplant only. I believe that the transplanted bone lives and itself takes part in the formation of a new shaft under favourable conditions. What it requires is an early blood supply and adequate fixation to healthy bone. I have not seen cases reported where ivory pegs or dead bone have been used successfully to bridge a wide gap, and I have not had a case in which autogenous bone was not available.
The following cases will illustrate the points to which I attach importance in the selection of cases and the use of the bone-graft :-
(1) Disease of third and fourth lumbar vertebra, showing graft used for fixation.
(2) Showing correction of genu valgum by transplation of a wedge of bone from the inner to the outer side.
(3) Showing removal of a portion of the shaft of the fibula to replace lost substance in the ulna. This case demonstrates two points: First, that a considerable portion of the middle two-thirds of the fibula can be removed without loss of function, and that non-union was probably due to insufficient contact with the receiving bone.
(4) Ununited fracture of the shaft of the humerus. In this case spontaneous fracture of the graft two months after insertion indicates that its only function was that of an internal temporary splint. Union resulted from contact of the raw surfaces of the main fragments. The graft shows little absorption of lime salts, and this usually indicates loss of vitality of the graft.
(5) Ununited fracture of the neck of the humerus; fourteen months' duration. The upper fragment is too short to allow adequate fixation of graft. Direct apposition obtained by. wire and external splintage. 6 (6) This case illustrates the result obtained by early treatment in a case of loss of the upper third of the humerus, and the result eighteen months after injury. The arm is short but allows a fair range of movement.
(7) Result in a similar case which was not treated on these lines. (8) Case of an old ununited fracture of the forearm, especially the radius, one usually associated with fixed pronation of the forearm, radial deviation of the hand, with limitation of movement in the wrist and fingers. These should be corrected before operation to restore continuity of the bones. This avoids strain of the graft.. (10) Ununited fracture of both bones of the forearm. Preliminary operation, dovetailing of ulna, followed by bone-graft of radius. Owing to extent of scar tissue its preliminary excision was not possible, and the bone-graft of the radius had to be removed six months later because of a persistent sinus. Last X-ray taken twelve months after first operation shows strong union of ulna, radius uniting.
(11) Ununited fracture of lower third of ulna with ankylosis of the radioulnar joint. ]Bone-grafting is cont'ra-indicated in this case, as it would result in loss of the movements of pronation and supination taking place at the site of fracture.
(12) In a-similar case of ununited fracture of the upper third of the radius with ankylosis of the superior radio-ulnar joint re-establishment of continuity would result in loss of these movements. In both these cases the fragments are too short to allow of adequate fixation of a graft, and neither are associated with much disability.
(13) Where the lower third of the radius is short, and there is radial deviation of the hand, it it usually better to shorten the ulna and allow direct apposition of the radial fragments, as was done in this case. (14) Shows gradual absorption of a graft four tnonths after operation. In this case the Wassermann reaction was positive. This factor should have been dealt with prior to operation.
(15) The history of this case is interesting. On July 10, 1916, he sustained a compound fracture of the radius. One year later 11. in. of the ulna were removed and both bones plated. When I saw him in May, 1917, there was some union of the ulna, but the radius was ununited. The plates were removed, the pronation of the arm corrected and later a graft inserted. The last three cases are those which have convinced me that under favourable conditions the graft lives and itself takes an active part in the restoration of continuity.
(16) Ununited fracture of lower third of humerus, thirteen months' duration. During the operation the lower fragment was completely removed and then fixed by kangaroo tendon to the shaft. Union resulted, and its previous form was maintained.
(17) Shows 2' in. gap in ulna, of nine months' duration ( fig. 1) . Bonegraft, October, 1916 . X-ray taken five months later shows fusion of graft with shaft and new bone formation between graft and fragments (fig. 2) . The next X-ray, taken one year and eleven months after the operation, shows firm consolidation, the graft attaining the size and appearance of the normal shaft ( fig. 3 ). Note also the restoration of medulla in the middle of the graft.
(18) The last case is one of Sir Robert Jones's, illustrating a graft which was itself the site of fracture three months after its insertion, and which united by callus formation apparently like normal bone.
Major ALWYN SMITH, D.S.O., R.A.M.C.
My experience of bone-grafting before the War was miainly limited to the operative fixation of carious vertebrae and as such cases did uncommonly well from the purely operative standpoint, one could not learn much from them. Bone-grafting has a much wider field in war surgery, but the risks and complications of the operation are immeasurably greater. On account of disappointing results with certain surgeons, the operation appears to be losing favour and statements have been made in several quarters that it is hardly justifiable. Although I have had disappointments and failures, I am convinced as to the value of the procedure provided it be limited to cases that do not display complications which we are accustomed to associate with disastrous results. My war-time experience is limited to cases of non-union in long bones, the result of simple or compound fractures, and to cases of bone loss, with consequent hiatus-the result of wounds.
GENERAL CONSIDERATIONS. It is obvious that more consistent results are to be expected in the young than in the middle aged, in ununited simple fractures than in compound ones that have undergone septic processes. The latter type of case, on account of latent sepsis, damage to, and loss of, soft tissue,
